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An investigation of synthetic, adherent, moisture vapor-per-
meable dressings (SAM) on dermal wounds healing by sec-
ondary intent has yielded the novel observation that SAM 
dressings severely inhibited the deposition of granulation 
tissue and subsequent collagenous tissue when compared 
with air-exposed wounds in mouse and guinea pig systems. 
Repair tissue was quantitated histomorphometrically in full-
thickness wounds covered with SAM or left air-exposed for 
periods up to 3 weeks. Early in healing, mouse wounds left 
open to the atmosphere formed a scab which overlay a large 
volume of granulation tissue derived from two sources, one 
lateral, and the other deep and centrally located. In contrast, 
SAM-covered wounds contained only a small amount of 
granulation tissue which was derived solely from lateral 
sources. Granulation tissue was replaced by fibrous connec-
T he ability of synthetic, adherent, moisture vapor-per-meable dressings (SAM) to accelerate epithelialization relative to air-exposed wounds has been demonstrated in many experimental and clinical investigations (1-2] . In contrast, little is known about the effect of 
SAM on the deposition of connective tissue in full thickness dermal 
wounds. 
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Abbreviations: 
C02: carbon dioxide 
ED50: median effective dose 
H&E: hematoxylin and eosin stain 
0 2: oxygen 
P: probabi lity 
PMN: polymorphonuclear cell 
SAM: synthetic, adherent, moisture vapor-permeable membrane 
t: Student t test 
TGF-/1: transforming growth factor beta (form 1 or form 2) 
TRI: Gomori trichrome stain 
tive tissue over time, and this was always less in SAM-covered 
wounds. Deposition of large amounts of connective tissue in 
air-exposed wounds was associated with significant polymor-
phonuclear and mononuclear cell infiltrates, while the lack 
of granulation tissue formation in SAM-covered sites was 
associated with reduced inflammation. Dressing-induced in-
hibition of connective tissue could be partially reversed by 
treatment with transforming growth factor-beta form 1 or 2. 
Deposition of granulation tissue in large lenticular wounds in 
guinea pig skin, but not in 6-mm punch wounds, was also 
inhibited when the wounds were covered with SAM, and the 
morphology of air-exposed and SAM-covered wounds was 
similar to that in mice. SAM-covered wounds in mice and 
guinea pigs may be useful as models of chronic non-healing 
wounds.] Itwest Dermato/95:195-201, 1990 
It has been reported that in primarily closed surgical wounds in 
guinea pigs, fibroblast invasion and collagen deposition are reduced 
under occlusive dressings (3]. But it has also been reported that, in 
domestic pigs, collagen deposition is elevated in superficial dermal 
wounds healing by secondary intent (1,4,5], and that the cellularity 
of full thickness wounds is increased ( 6] when the wounds are cov-
ered with SAM. Clinical observations have suggested that SAM 
produce a cosmetic result that is superior to skin closure with sutures 
or clips (3,7]. 
fhis report describes histologic and histomorphometric features 
of healing by secondary intent which suggest that granulation tissue 
formation and subse.q~ent .fibroplasia in mouse and guinea pig sys-
tems is strongly mh1b1ted 111 wounds covered with occlusive dress-
ings when compared with air-exposed wounds. The report also 
presents evidence that dressing-induced impairment of wound 
healing can be partially reversed by treatment with the peptide 
growth factors transforming growth factor-/11 and 2, which are 
thought to play a significant role in soft and hard tissue repair (8,9]. 
MATERIALS AND METHODS 
Animal Models 
Mouse Wou11ds All animals were treated in accord with NIH 
guidelines. Female Swiss Webster mice, 6 weeks of age, were ob-
tained from Ban tin and Kingman (Fremont, CA) and maintained on 
hardwood chips and fed mouse chow and water ad libitum. Mice 
were anesthetized via Metofane-soaked cotton balls in a conical 
tube. The animals were shaved along the mid-dorsum with a No. 40 
clipper blade, and -the area was swabbed with 50% isopropanol. A 
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single 6-mm circular wound was incised over the thoraco-lumbar 
junction of each mouse using surgical scissors and forceps. Instru-
ments were soaked before hand in a solution of benzalkonium chlo-
ride for initial sterilization. Visible blood was removed by wiping 
with gauze saturated with 50% isopropanol. Wounds were imme-
diately covered with a piece (2 em X 2 em) of synthetic adherent 
moisture-vapor permeable dressings (Opsite, Smith & Nephew, 
Massillon, OH or T egaderm, 3M, St. Paul, MN), further covered 
with a piece of surgical gauze, and circumferentially wrapped with 
elastic tape (2.5 X 7.5 em, Elastikon, Johnson & Johnson, New 
Brunswick, NJ). The end of the tape was secured with 9-mm 
wound clips. Animals were allowed to recover in a shallow box 
without litter and then returned to their cages . Animals were 
housed together and observed daily. Dressing repairs were made as 
needed with up to 10 d passing without bandage replacement. Air-
exposed wounds were not covered and the animals were simply 
returned to their cages upon recovery. In some experiments, air-ex-
posed wounds were covered with gauze and tape, but the SAM was 
omitted. In time course experiments, treatment groups contained 
from 4 to 10 mice. In studies of dressing and growth factor effects, 
each group consisted of 4 or 5 animals. Unless otherwise stated, 
wounds were investigated on day 7 following surgery. 
Gu inea Pig Wounds: Male H artley guinea pigs (400-450 grams) 
obtained from Hilltop Laboratory Animals (Scottsdale, PA) were 
maintained individually in stainless steel cages and fed on guinea pig 
chow and water ad libitum. Guinea pigs were anesthetized with an 
intramuscular injection of a cocktail containing 6 mg ketamine/3 
mg xylazine/0.12 mg acepromazine. Instruments were sterilized 
and the animals were shaved as described above. Additionally, the 
guinea pigs were blotted with tape to remove excess hair before 
swabbing with isopropanol. Two kinds of wounds were investi-
gated in guinea pigs. 
A single 5-cm longitudinal incision through the cutaneous mus-
cle was· made in the mid-dorsum of each animal and the wound 
edges were allowed to retract. This created an elliptical defect with a 
width of approximately 1.5 em at mid-wound. These wounds were 
immediately covered with Opsite (10 em X 14 em), further covered 
with a piece of surgical gauze, and circumferentially wrapped with 
elastic tape (7.5 em, Elastikon, Johnson & Johnson, New Bruns-
wick, NJ). Treatment groups of three animals each were killed for 
study on days 4, 7, and 12 following wounding. Alternatively, four 
punch wounds were created on the dorsum of each of f~ur animals. 
Wounds were carried through the cutaneous muscle usmg a 6-mm 
biopsy punch. The wounds were immediately covered with a s~ngle 
sheet of Opsite (7 .5 em X 10 em, Sm1tl_1 & N ephew, MaSSillon, 
OH), further covered with a p1ece of surg1cal gauze, and cJrcumfer-
entially wrapped with elastic tape .(7 .5 em, Elastikon, Johnson & 
Johnson, New Brunswick, NJ). Amm~ls were allowed to recover 111 
their cages. Air-exposed wounds of e1ther rype were not covered 
and the animals were simply returned to theu cages upon recovery. 
Two animals with four covered or air-exposed punch wounds were 
killed for histologic examination at day 6. 
Preparation of Growth Factors and Collagen/Heparin Vehi-
cles Purified bovine bone-derived transforming growth factor-
beta [form 1 (TGF-Pl) and form 2 (TGF-P2), prepared as described 
[10] and kindly provided by Y. Ogawa, Celtrix Laboratories] was 
greater than 95% pure as judged by inspection of silv~r ~tained 
polyacrylamide gel~ . Activity was assayed l11] as .grov:th mhJbltlon 
of BSC-1 cells (Afncan green monkey k1dney eptthehal cells; a gtft 
from Dr. R. Holley, Salk Institute, San Diego, CA) using acid phos-
phatase activity as a measure of cell number [12]. This assay gave 
ED 50 values of approximately 0.2 ngjml for TGF-P1 and TGF-P2. 
Each of the growth factors was mixed with a collagen/heparin gel 
containing 32 mgjml of type I bovine dermal collagen and 0.32 
mg/ml of hefarin (PM 10783, Hepar, Franklin OH) prepared as 
described [ 13 to yield a final concentration of 28 mg/ ml of colla-
gen, 0.28 mg/ml of heparin, and 165 ,ugjml of growth factor. 
Immediately after wounding, approximately 30 ,ul of collagen/hep-
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arin gel containing 5 ,ug of growth factor was placed into a dors~ 
wound on each of five mice per group, and the wounds were imm~ 
diately covered and dressed as described above. 
Tissue Processing At selected times after treatment, anim~ 
were killed with C02 and the wound sites were excised for invest/ 
gation. The tissue was fixed in 10% neutral buffered formalin with ~ 
piece of paper towel applied to the base of the specimen to preven,1 curling during fixation. The fixed specimens were bisected an~ 
emb~dded in paraffin. Hist?logic cross sections, taken as close ~ 
poSSible to the transverse mtdlme of the wound, were stamed witJi 
the H&E and Gomori trichrome procedures. Vascular el ements ~ 
well as the fibrous matrix were particularly clearly defined ~ 
trichrome-stained sections. The number of granulocytes and mon(\ 
cytes, excluding spindle shaped cells, in mouse wounds between da~ 
1 and day 7 was rated on a subjective scale of 0 (none), 1 (mild) , ~ 
(moderate) , or 3 (marked) . In uncovered wounds, this evaluatio~ 
included only inflammatory cells within the wound but not part ot 
the overlying scab. Duplicate ratings of inflammation in 62 speci 
mens by one observer at intervals up to 1 year were strongly corre~ 
lated: 0 .62 (p < 0.0001) and 0.80 (p < 0.0001) for granulocytic an~ 
mononuclear infiltrates, respectively. 
Histomorphometry Repair tissue was defined as granulatiol\, 
tissue or fibrous connective tissue seen in histologic cross-sections 
Granul.ation tissue was identified as loosely organized connectiv~ 
t1ssue nch 111 vascular elements with well-defined endothelial linin!} 
or erythrocytes present. The perimeter of regions containing repait, 
tissue was traced onto paper using an Olympus BH-2 microscop~ 
eqmpped With a drawmg tube employing a 4X objective lens and "' 
2.5X projection lens, and the area of the tracings was determined, 
using a HP9111A digitizer tablet and HP981 6 microcompute~ 
(Hewlett Packard, Palo Alt?, CA) . Area units were calculated using 
a converswn factor determmed from measurements of a stage mi, 
crometer. Measure1~ents of granulation tissue in 30 specimens by 
two d1fferent, expenenced observers at an interval of approximately 
1 year were essentially identical with a correlation of 0.99 (p " 
0.0001) and a mean difference of 0.032 ± 0.034 [paired t (29)"" 
0.95, not significant] . 
Statistical Analysis Means and variances of the histomorpho-
metric data appeared to be related. The data were therefore submit-
ted to logarithmic transformation to reduce the non-homogeneity 
of the variances prior to analysis of variance. The significance of the 
difference between treatments at each of several time points was 
evaluated by testing the simple effects at each time. Dunnett's pro-
cedure (two-tailed) was used to test the difference between each of 
several ~reatments and untreated control animals. Throughout, 
error est1mates are given as standard error of the mean (SEM). 
RESULTS 
Morphology of Granulation Tissue Full thickness wounds ~ 
mouse dorsal skin were covered with a SAM dressing (Opsite) or 
were left open to the air to form scabs. The histologic appearance of 
the wounds suggested that the presence of SAM profoundly inhib, 
ited the formation of granulation tissue 1 week after surgery, and 
that this initial vascular and connective tissue deficit continued 
through the subsequent period of fibroplasia. 
In au-exposed wounds, a small quantity of granulation tissu~ 
could be detected during the first 5 d, chiefly associated with adja, 
cent dermis. At about day 5, a large volume of granulation tissue w;u 
rapidly deposited, and a large proportion of this was derived from 
the base of t~e wound. At day 7, which appeared to be the peak ot 
the granulatwn tissue response, wounds which were left open to th~ 
air had developed a thick superficial scab with an underlying band of 
intense acute leukocytic infiltrate associated with remnants of clot at 
the base of the scab. Beneath the scab there were extensive quantities 
of granulation tissue, apparently derived from two sources, onr 
lateral and the other deep. Tissue was growing out from the intact 
tissue at the wound edges, especially from the cut edges of thr 
cutaneous muscle and swelling into the wound center. In many 
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Figure 1. Histologic appearance of mouse dermal wounds at day 7. A: a 
large volume of granulation tissue is present throughout an air-exposed 
wound, extending deeply into the subcutis. B: in contrast, only a trace of 
granulation tissue is present in a wound covered with SAM {Opsite). The 
granulation tissue (small arrow/reads) is only present at the wound margins 
and is limited in depth to the thickness of the dermis. In both wounds, dermis 
(d) and epidermis (e) are present at the edge of the wound. {H&E, bar: 200 
Jim). 
specimens, a large mass of granulation tissue was also swelling up-
wards into the center of the wound from sources deep in the base of 
the wound. These deep sources included neurovascular bundles in 
the residual loose areolar tissue traversing the base of the wound, 
and vascular tissue associated with the surface of underlying skeletal 
muscle. In vigorously responding wounds, both the lateral and the 
deep components merged to form a single large mass of granulation 
tissue throughout the wound (Fig 1A). The thickness of the granu-
lation tissue was not limited to the depth of the surrounding dermis, 
but extended deeply into the subcutis. 
In contrast, in wounds covered with SAM, no scab was present. At 
all times, only a small amount of granulation tissue was present at 
the wound margins and this was limited in depth to approximately 
the thickness of the dermis (Fig 1B). This granulation tissue ap-
peared to derive primarily from the intact tissue at the wound mar-
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gins. No central, deeply arising granulation tissue was seen in any 
specimen. Although neurovascular bundles were frequently 
present, they showed no sign of endothelial proliferation. A small 
amount of avascular loose connective tissue was present in the base 
of the wounds and appeared to be continuous with similar tissue in 
the subcutis adjacent to the wound. Between days 4 and 7, removal 
of the SAM was followed in 24 h by increased inflammation and 
granulation tissue. 
By day 14, the granulation tissue in uncovered wounds had con-
densed into a thick, horizontally oriented mass of fibrous connective 
tissue with numerous blood vessels (Fig 2A). In SAM-covered 
wounds, there was a small quantity of fibrous connective tissue 
which was horizontally organized but thin and poorly vascular (Fig 
2B). At day 21, the tissue in uncovered wounds was further con-
densed and the vascularity was resolving, while SAM-covered 
wounds were little changed in appearance. By day 28, hair growth 
had lifted the SAM from the wounds and further observations were 
not possible. 
When 6-mm punch wounds were created in guinea pig dorsal 
skin, no difference was seen in the amount of granulation tissue in 
Figure 2. Histologic appearance of mouse dermal wounds at day 14. A: 
Granulation tissue in an air-exposed wound has condensed into a thick band 
of vascular, horizontally oriented fibrous connective tissue. B: in a SAM-cov-
ered {Opsite) site, there is a thinner, more loosely organized and less vascular 
layer of connective tissue. Epidermis (e) covers the surface of both wounds. 
(G, trichrome; bar, 200 Jim). 
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SAM-covered and air-exposed wounds (data not shown). However, 
when large, lenticular wounds were created in guinea pigs, the 
observations confirmed that the amount of granulation tissue 
present in these guinea pig wounds was also profoundly reduced in 
SAM-covered wounds when compared to air-exposed wounds. 
Qualitatively, the histologic appearance of the air-exposed and 
SAM-covered lenticu lar guinea pig wounds was similar to that of 
mouse wounds treated equivalently. Guinea pig wound granulation 
tissue also consisted of lateral and deep central ~omponents. In 
SAM-covered guinea pig wounds, however, the central component 
was merely reduced in quantity, re lative to air-exposed wounds, and 
was not completely absent. 
Kinetics of Connective Tissue Deposition Histomorpho-
metric methods were used to determine the quantity of repair tissue 
present in mouse wounds between days 4 and 21, and in guinea pig 
lenticular wounds between days 4 and 12 when air-exposed or when 
covered with SAM (Opsite). The kinetics of connective tissue depo-
sition in mouse wounds are shown in Fig 3A. The greatest volume 
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Figure 3. Kinetics of connective tissue formation in mouse wounds (A) and 
lenticular guinea pig wounds (B). Opsite was used as SAM. Repair tissue was 
quantified morphometrically as described in the text. Data for mouse 
wounds are pooled from two experiments, and each point is derived from 
between five and 14 animals with a single wound. For guinea pigs, each 
point is based on three animals. 
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posed wounds contained significantly more connective tissue than 
did SAM-covered sites (p < 0.001 at each time point). 
The deposition of connective tissue in guinea pig lenticular 
wounds followed a similar time course (Fig 3B). The peak response 
occurred at day 7, and there was significantly more connective tissue 
in air-exposed defects at each time point (p = 0.002 at day 4, p < 
0.001 at days 8 and 12). 
Because the histologic and morphometric observations suggested 
that SAM had a similar effect in mouse wounds and in guinea pig 
lenticular wounds, a series of experiments was performed using the 
mouse wound model to identify critical variables affecting connec-
tive tissue deposition. 
Dressings Table I shows that deposition of granu lation tissue was 
also inhibited when wounds were covered with a different SAM, 
Tegaderm, rather than Opsite. Table I also shows that granulation 
tissue deposition was inhibited in wounds covered with Opsite, 
which was placed over the wound in inverted position and secured 
with a second layer of Opsite. This observation shows that the 
inhibition was not caused by the adhesive layer of the SAM. A 
double layer of Opsite, tested as a control, produced a similar degree 
of inhibition. 
Although the volume of granulation tissue in air-exposed 
wounds was always notably greater than that in Opsite-covered 
wounds, it appeared to vary greatly among different experiments 
and to be associated with the extent of infla(llmation within t~e 
wounds. To evaluate the possible contribution of wound contanu-
nation, a series of mouse wounds was dressed with the usual gauze 
and tape but without Opsite. Table I shows that wounds covered 
with gauze, but without Opsite, contained an intermediate volume 
of granulation tissue that was, nevertheless, still fivefold greater 
than that in Opsite-covered wounds. 
Inflammation and Granulation Tissue Deposition In both 
mice and guinea pigs, wounds left open to the air developed a thick, 
superficial scab which was continuous with an underlying band of 
intense leukocytic infi ltrate. Leukocytes were also present within 
the wound beneath the scab, and the intact dermis adjacent to the 
wound contained moderate numbers of neutrophils and round cells. 
In contrast, wounds covered with SAM displayed only traces of a 
leukocytic infiltrate. 
Figure 4 compares the early time course of histologic ratings of 
granulocytic (Fig 4A) and mononuclear (Fig 4B) inflammation in 
open wounds and in SAM-covered wounds with the rate of deposi-
tion of granulation tissue (Fig 4C) as determined histomorpho-
metrically. As early as 24 h post-wounding, a moderate acute in-
flammatory response, characterized by polymorphonuclear (PMN) 
cells, had occurred in air-exposed wounds, and this response in-
creased to a transient peak with a significant PMN infiltrate at day 2 
before declining to a milder level. The mononuclear cel l population 
of air-exposed wounds in.creased to a significant level by day 3 and 
thereafter remained high. In the same wounds, the amount of gran-
ulation tissue increased significantly after day 5. In contrast, in 
SAM-covered wounds, only mild acute (Fig 4A) and subchronic 
Table I. Reduced Granu lation Tissue Formation in SAM-
covered Mouse Dermal Wounds Compared with Air-Exposed 
Wounds• 
Granulation Tissue 
Material Mean SE 
Tegaderm 0.2 0.03 
Opsite 0.2 0.03 
Opsite inverted 0.2 0.02 
Opsite double 0.2 0.03 
Gauze only 1.1 0.19 
Air-exposed 2.1 0.21 
•Granulation tissue was determined morphometrically as described in text. Each 
value is based on measurements in four animals. 
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Figure 4 . Relationship between inflammation and connective tissue depo-
si tion in mouse wounds: Polymorphonuclear infiltrate (A) and mononuclear 
infiltrate (B) were rated histologically, and connective tissue (C) was deter-
mined morphometrically, as described in the text. SAM was Opsite. Each 
value is based on four animals. 
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(Fig 4B) inflammation was present throughout the observation pe-
riod, and only traces of granulation tissue (Fig 4C) developed. 
Reversal of Dressing-Induced Inhibition by TGF-/3 It was 
noted that little or no bleeding was present in mouse wounds. 
When about 25 ,ul of autologous whole blood was placed in SAM-
covered wounds and allowed to clot, no effect on wound healing 
was observed (data not shown). Purified growth factors with a 
known abi lity to affect wound healing processes were then tested 
for their abi lity to overcome SAM-induced inhibition of granula-
tion tissue. When mouse wounds were treated with the peptide 
growth factors TGF-/31 or TGF-/32 in a delivery vehicle composed 
of collagen/heparin gel, the SAM-covered defects became filled in 
with new tissue in a radial pattern, and a pronounced halo of new 
capi llaries surrounded the wound margin. The ability of TGF-/3 
(form 1 and 2) to enhance the deposition of granulation tissue was 
also evident histologically. Histomorphometric observations· con-
finned that both forms ofTGF-/3 significantly (p < 0.01) increased 
the amount of granulation tissue in wounds when compared to 
wounds treated with coll agen/heparin vehicle alone (Fig 5). The 
increase in granulation tissue in wounds treated with TGF-/3 con-
sisted on ly of an elevation in the lateral component of granulation 
tissue, with no apparent effect on the deep central component. 
DISCUSSION 
Air-exposed wounds in mice and large lenticular wounds in guinea 
pigs initially formed a large volume of granulation tissue derived 
from the cut edges of the defect or from neurovascular bundles or 
vascular tissue in the base of the wound. The appearance of these 
wounds corresponded closely to classical descriptions of dermal 
wound healing ( 14, 15) and is consistent with observations showing 
that collagen gene expression (16) and collagen synthesis (17) in full 
thickness rat wounds are also localized to separate lateral and deep 
sites . Granulation tissue was replaced by a large mass of collagenous 
matrix which became thinner and less vascular over time. 
In contrast, SAM-covered wounds in mouse and guinea pigs con-
tained only minimal quantities of granulation tissue. Small quanti-
ties of granulation tissue were present only at the edges of the defect 
and the deep, central component was either lacking (in mice) or 
reduced (in guinea pigs). Over time, the granulation tissue in the 
wounds gave way to increasingly Jense collagenous connective tis-
sue, but at all times, the amount of tissue was smaller in quantity, less 
dense, and less vascular in SAM-covered sites than in air-exposed 
wounds. A previous study of surgically closed guinea pig wounds 
also observed that connective tissue formation was reduced in SAM-
covered wounds (3], and clinical observations have shown that SAM 
can improve the appearance of surgically closed wounds (3,7), prob-















None Vehicle TGF- fl1 
SAM-covered 
TGF- fl2 None 
Air-exposed 
Figure 5. Granulation tissue in SAM-covered mouse wounds treated with 
TGF-/11 or TGF-/12 at the time of wounding. SAM was Opsite. Granulation 
tissue at day 7 was determined morphometrica lly as described in the text. 
Each value is based on five animals. 
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The avascular loose connective tissue present in the base of SAM-
covered mouse wounds appeared to be residual subcutaneous areolar 
tissue which was not excised at the time of wounding. A portion of 
this tissue may, nevertheless, have been newly deposited. Hence, it 
is possible that SAM not only reduced the quantity of granulation 
tissue within the wounds, but may also have altered the character of 
newly formed tissue by reducing the degree of vascularity . The 
fai lure to detect inhibition of granulation tissue in SAM-covered 
punch wounds in guinea pigs may simply reflect more rapid filling 
of the smaller defect, or it may be due to some unknown, but critical , 
difference related to wound size. 
The observations reported here appear to conflict with previous 
studies that have reported enhanced collagen synthesis in SAM-cov-
ered partial-thickness wounds in swine [ 1 ,4] and elevated cellularity 
in SAM-covered fu ll-thickness defects also in swine [6] . While this 
discrepancy may be a result of significant differences between ro-
dents and swine, it is also possible that technical variations are in-
volved. Using the methods described here, we have not detected 
any difference in the amount of granulation tissue in large or small 
air-exposed or SAM-covered full-thickness wounds in swine (un-
published results). In all of these studies, the wounds were cu~ at a 
level within the denms [1,4] or witlun the subcutaneous adipose 
tissue [6]. Hence, it is possible that the failure to observe inhibition 
of connective tissue formation in SAM-covered swine wounds may 
be a result of the absence of a fascial plane in the wound bed like that 
present in the mouse and guinea pig models. Differences in methods 
used to evaluate connective tissue deposition m.ay also have contrib-
uted to the inconsistency between the present results and published 
data on swine . 
In the present study, connective tissue inhibition occurred in 
response to two diffe_rent types of SAM, and occurred when Opsite 
was used with adhesive etther 111 contact wtth. the wound or when 
facing up and away from the wou~d . It therefore seem~ like!y that 
the SAM effect is mediated not by stmple contact but by tts abiltty to 
regulate some fundamental component of the wound healing p~o­
cess . The reduced inflammation seen 111 SAM-covered wounds I S a 
possible factor. . . . . 
Deposition of large amounts of granulatton ussue 111 air-exposed 
wounds was clearly associated with a marked acute and subchronic 
inflammatory response, while lack of granulation tissue formation 
was associated with a mild inflammatory response in SAM-covered 
sites. This observation would be compromised if substantial num-
bers ofleukocytes were lost to observation as a result of fluid loss due 
to the absence of scab on SAM-covered wounds. Fluid obtained 
from SAM-covered partial thickness wounds has been shown to 
contain a significant leukocyte population [18] . However, 111 the 
models investigated here, the full thickness wounds tended to con-
tain re latively small volumes of wound flmd . In addition, the speCI-
mens were fixed and processed for histology with SAM in place. For 
these reasons, it does not seem likely that a substantial number of 
leukocytes was lost to analysis during processing of SAM-covered 
wounds. The lesser degree of granulation tissue formation seen in 
wounds without SAM, but protected from contamination by gauze, 
is also consistent with mediation by inflammatory elements . Other 
reports have also associated decreased levels of g~anu l ation tissue 
[19] or connective tissue (3,7] with lower levels of m~ammatton. It 
is likely that regulatory molecules elaborated by the mfla_mm~tory 
response are requirements for later deposition of granulation t1ssue 
and connective tissue matrix, and a number of such molecules, 111-
cluding TGF-p, have been shown to have appropriate activities in 
vitro and in vivo [9,20]. 
When SAM-covered mouse wounds were treated with TGF-P1 
or TG F-P2, a partial reversal of the inhibition was observed. TGF-P 
has been shown to be chemotactic for monocytes and fibroblasts, 
and to induce the deposition of connective tissue matrix in vitro (see 
Ref 8-for review). TGF-P also promote connective tissue deposition 
in subcutaneous animal models (21- 24], as well as in surgical 
wounds healing by first [25 - 32] and second intent (33 - 35]. The 
present observations are, therefore , consistent with the known ac-
tivities of TGF-P1 and 2. Exogenous TGF-P may have effective ly 
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promoted connective tiss.ue formation through its ability to recrui~ 
activated macrophages which, secondarily, cou ld induce furth~ 
cellular proliferation and synthesis. Other data show that the addi, 
cion of TG F-P to SAM-covered mouse wounds results in elevateQ. 
numbers of both PMN and macrophages (G. Ksander, unpublished, 
observations). It is also likely that, in addition to its role in regular, 
ing the inflammatory response, TGF-P may also have directly stim, 
ulated matrix synthes is by fibrobla sts. 
Other studies have also suggested that air exposure may affect rh~ 
formation of granulation tissue. There is evidence that the differ, 
ence in the oxygen concentration between the avascular wounq 
center and the vascular surrounding tissue may regulate granulatio~ 
issue formation (36]. A study of rabbit ear chambers showed tha~ 
granulation tissue formation was significantly reduced in chambe~ 
covered with 0 2 permeable material when compared to charnbe~ 
with 0 2 impermeable covers [37]. These results were explained ~ 
terms of a postulated inhibitory effect of 0 2 on the secretion ot 
growth factors by macrophages. It has also been shown in vitro tha~ 
hypoxic conditions induce secretion of angiogenic activity by mac, 
rophages [38] and stimulate fibroblast proliferation [39] . It has bee!\ 
reported that the oxygen tension under scabs is very close to zero, 
whi le that under SAM is relatively higher [40]. Once formed, there, 
fore, scab may function as an 0 2 impermeable material and stimu, 
late connective tissue formation by maintaining a steep concentra, 
cion gradient between the wound and the surroundin g intact tissue. 
SAM, on the contrary, are relatively permeable to 0 2 [41,42], an~ 
may permit a wound 0 2 concentration which is sufficiently high to 
block granulation tissue formation . 
The current observations demonstrate the novel finding that th~ 
use of SAM to cover full-thickness defects in the skin of mice an~ 
guinea pigs can strongly inhibit granulation tissue formation and 
subsequent fibroplasia when compared with air-exposed wounds. 
While the mechanism of inhibition is not known, we hypothesiz<' 
that SAM reduce scab formation and inflammation, thereby i) di-
rectly restricting the quantity of cytokines available to stimulate th(' 
production of connective tissue and ii) exposing the wound to a 
concentration of atmospheric gases sufficiencly high to block gran-
ulation tissue formation, possibly through a process that involve 
reduced leukocyte activation. SAM-covered wounds in mice and 
guinea pigs may be useful models, characterized by localleucocyto-
penia, of slow to hea l wounds. 
We would like to thank Yasushi Ogawa oJCeltrix Laboratories for the TGF-P used 
i11 this i11vestigatio11. 
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